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Helicobacter pylori is the main causative agent of gastric and duodenal ulcers, gastric adenocarcinoma, and MALT lymphoma (1) . Long term colonization of the gastric epithelium is the main pathogenic feature of H. pylori, and bacterial adherence is thought to play an important role in not only triggering colonization but also regulating the functional interplay with the host epithelium. Although H. pylori-induced gastric inflammation is induced by antigen presentation that is mediated by intestinal Peyer's patches when H. pylori is captured by dendritic cells, H. pylori must colonize the gastric epithelium to induce gastric inflammation (2) . Approximately 4% of the H. pylori genome encodes outer membrane proteins (OMPs), 2 some of which are thought to function as adhesins (3) . The fucosylated ABO blood group antigens and their related carbohydrate structures, such as sialyl-Lewis x/a antigens, are one of the major groups of functional receptors for H. pylori adhesins (4 -7). Many studies have reported that one adhesin, the blood group antigen-binding adhesin (BabA), binds to the Lewis b (Le b ) carbohydrate determinant, Fuc␣Gal␤(Fuc␣4)GlcNAc-R (8), of the synthetic carbohydrate or on gastric sections from humans or Le b -expressing mice (9, 10) . However, the biological importance of the BabA-Le b interaction on the pathogenic features of H. pylori is poorly understood. Le b is based on type 1 chains, which are synthesized by ␤-1,3-galactosyltransferases (11) . It was reported that ␤-1,3-N-acetylglucosaminyltransferase 4, ␤-1,3-galactosyltransferase 5 (encoded by B3GALT5), ␤-1,2-fucosyltransferase I or II (encoded by FUT1 or FUT2), and ␤-1,3/4-fucosyltransferase III (encoded by FUT3) cDNAs are involved in naturally synthesizing Le b in mammalian cells (11) (Fig. 2A) .
The carcinogenic pathway of gastric cancer is mainly associated with persistent H. pylori colonization, followed by chronic inflammation, tissue damage, and regeneration. The attachment of H. pylori to the gastric mucosal surface results in a functional bacteria-host interaction that induces a marked inflammatory response with neutrophil infiltration, followed by the activation of T and B lymphocytes, plasma cells, and macrophages. Members of the chemokine supergene family, particularly the CXC chemokines, such as interleukin (IL)-8, and CC chemokines, such as regulated on activation normal T-cell-expressed and secreted (RANTES, CCL5), are thought to recruit these inflammatory cells into the gastric mucosa (12) (13) (14) . Dur- 2 The abbreviations used are: OMP, outer membrane protein; TFSS, Type IV secretion system; Le b , Lewis b; NF-B, nuclear factor-B; NFAT, nuclear factor of activated T cells; MOI, multiplicity of infection; MDCK, Madin-Darby canine kidney; MEF, mouse embryonic fibroblast; TRITC, tetramethylrhodamine isothiocyanate; TMB, 3,3',5,5'-tetramethylbenzidine.
ing the regeneration process, cells deviate from the normal gastric differentiation pathway and change to an intestinal phenotype, which has been considered precancerous and is associated with the intestinal type of gastric cancer. Intestinal metaplasia is characterized by the transdifferentiation of gastric epithelial cells into an intestinal phenotype (15) . The caudal type homeobox 2 (CDX2) transcription factor induces the early differentiation and maintenance of intestinal epithelial cells and is thought to be involved in inducing intestinal metaplasia of the stomach (16) . CDX2 activates transcription of intestine-specific proteins, such as MUC2 (17) .
H. pylori is a genetically diverse species, and various strains markedly differ in virulence. Strains from individuals with overt disease generally carry the cag pathogenicity island, which encodes a component of the Type IV secretion system (TFSS) and CagA (cytotoxin-associated gene A), a major virulence factor. CagA has versatile activities that highjack multiple host cell signaling pathways to stimulate epithelial cell proliferation, breach cell-cell junctions, and induce the inflammatory response (18) . TFSS mediates the translocation of CagA, peptidoglycan, and possibly another unknown factor(s) into host cells, where they affect host cell signaling. These translocated factors affect the transcriptional activation of serum response element, serum response factor, nuclear factor-B (NF-B), AP-1, ␤-catenin, and nuclear factor of activated T cells (NFAT), which may result in chemokine production and lead to subsequent proinflammatory responses and a malignant pathology, including intestinal metaplasia (19 -25) .
Studies have indicated that BabA-positive H. pylori is associated with severe gastric inflammation and an increased risk of peptic ulcer and gastric cancer in humans (26, 27) . Some other reports have suggested that the babA status is closely related to the cagA status as well as the incidence and severity of gastric illness (28 -31) . A recent study has suggested that BabA contributes to severe mucosal injury in experimental infection of H. pylori with gerbils (32) . On the other hand, patients infected with H. pylori strains poorly expressing BabA exhibited a higher level of mucosal injury than patients infected with BabAexpressing strains (33 
EXPERIMENTAL PROCEDURES
Ethics Statement-This study was carried out in strict accordance with the University of Tokyo's regulations for Animal Care and Use protocol, which was approved by the Animal Experiment Committee of the Institute of Medical Science, the University of Tokyo (approval number Bacterial Strains and Cell Cultures-Isogenic babA null mutants derived from ATCC 43504 and NCTC 11637 were constructed by insertional mutagenesis using aphA (which confers kanamycin resistance). To generate the GFP-expressing construct, GFP cDNA was amplified from pQBI63 (TaKaRa). The product was ligated between the cagA-upstream and -downstream sequences, which were PCR-amplified from the NCTC 11637 gene (20) , in the pHel3 shuttle vector, resulting in pHel3-GFP. The H. pylori strains used in this study are listed in supplemental Table 1 . All strains were cultured according to standard procedures (20) . AGS cells were maintained in DMEM/F-12 (Ham's) (Invitrogen) containing 10% (v/v) fetal bovine serum (FBS), whereas Chinese hamster ovary (CHO), Madin-Darby canine kidney (MDCK), NIH3T3 (mouse embryonic fibroblast cell line), and mouse embryonic fibroblast (MEF) cells were maintained in DMEM containing 10% (v/v) FBS.
Reagents and Antibodies-The anti-Tyr(P)-CagA, antiCagA, anti-UreA, and anti-FLAG rabbit antibodies were described previously (20) . The anti-BabA, anti-VirB7, and antiVirB9 rabbit antibodies were described previously (34, 35) . The anti-H. pylori mouse antibody was from MONOSAN, the FITC-labeled anti-H. pylori antibody was from Abcam, and the anti-H antigen mouse IgG monoclonal antibody and anti-Le b mouse IgM clone T218 antibody were from SIGNET. The antihuman CD44H mouse monoclonal antibody and FITC-labeled anti-mouse IgM antibody were from R&D and Sigma-Aldrich, respectively. ISOGEN was from Wako. SYBR Premix Ex Taq was from TaKaRa, and reverse transcriptase ReverTra Ace was from TOYOBO.
Bacterial Infection-Cells were infected with H. pylori at the indicated multiplicity of infection (MOI). For Western blot analysis, equal amounts of protein from each sample were separated by SDS-PAGE and transferred to a nitrocellulose membrane. For immunohistochemical analysis, the cells were seeded onto coverslips, cultured until subconfluent, and then infected with H. pylori. The cells were fixed with 4% paraformaldehyde-PBS and subjected to immunohistochemical staining.
Real-time PCR-Total RNA was reverse transcribed into cDNA with random primers and then amplified and quantified using SYBR Green detection with a LightCycler DX400 (Roche Applied Science). Relative mRNA expression was calculated using canine GAPDH gene expression or Mongolian gerbil 18 S rRNA gene expression as an endogenous reference standard. Primer sequences were selected with Primer3 and BLAST. The primers used in this study are listed in supplemental Table 2 .
Reporter Assays-AGS cells were seeded in 24-well plates and grown to ϳ70% confluence. The cells were transiently transfected with 100 ng of reporter plasmids (pSRE-luc, pNFB-luc, and pGL4.30[luc2P/NFAT-RE/Hygro] (which is referred to as pNFAT) from Promega and pAP1-luc from Agilent) and 4 ng of the Renilla luciferase control vector phRL-TK (Promega) using FuGENE6. After 16 h, the cells were infected with H. pylori at an MOI of ϳ50 for 5 h and lysed, and then the Photinus and Renilla luciferase activities were measured using the Dual Luciferase Reporter Assay (Promega) with a luminometer. After normalizing to the Renilla luciferase levels, the Photinus luciferase activity was calculated and graphed as -fold induction compared with the control.
In Vitro Adherence Assay-96-well microtiter plates (Corning Costar) were coated with 50 ng/well of BSA-conjugated Le b (Dextra Laboratories Ltd.) or BSA diluted in 0.2 M carbonate buffer (pH 9.6). The plates were incubated for 16 h at 4°C, and then the coating buffer was aspirated with a pipette, and 200 l of blocking buffer (PBS containing 2% BSA) was added. After incubating for 1 h at room temperature, the plates were decanted without washing, 50 l of a bacterial suspension in suspension buffer (PBS containing 0.2% BSA and 0.2% Tween 20) was added, and the plates were incubated for 1 h at room temperature. For the cellular adherence assay, the cells were seeded on 96-well plates and cultured to subconfluence. Then 50 l of a bacterial suspension or purified proteins in Opti-MEM (Invitrogen) was added, and the cells were incubated for 1 h at 37°C. Each well was washed three times with 100 l of PBS. For the bacterial adherence assays, 4% paraformaldehyde in PBS was added to the plates, and after a 15-min incubation at room temperature, the plates were washed three times with PBS. Signals were detected using an anti-Helicobacter antibody (Abcam) for the bacterial adhesion assay or anti-FLAG antibody (Sigma-Aldrich) for the protein adhesion assay, followed by an HRP-anti-rabbit IgG antibody (Sigma-Aldrich) and 3,3',5,5'-tetramethylbenzidine (TMB) peroxidase solution (Bethyl) according to the manufacturer's instructions. Absorbance was quantified using a Varioskan Flash spectral scanning multimode reader (Thermo Scientific) at 450 nm and normalized to the controls. In each single experiment, all samples were tested in three coated wells along with three controls, and at least two independent assays were performed for each experiment.
Plasmids and Recombinant Proteins-To generate glutathione S-transferase (GST)-FLAG, DNA fragments encoding GST were PCR-amplified using GST-F and GST-R primers (listed in supplemental Table 2 ) and cloned into the pET-21a(ϩ) plasmid (Novagen) with a PreScission recognition site sequence at the C terminus of GST. The DNA fragments encoding amino acids 21-570 of BabA (jhp0833) from the H. pylori J99 strain (nucleotides 61-1710) were PCR-amplified using BabA-F and BabA-R primers (listed in supplemental Table 2 ) and then cloned into the plasmid above with a FLAG tag sequence at the C terminus of BabA to yield the pET-21a(ϩ)-gst-babA-FLAG plasmid. The GST fusion proteins were purified using protocols supplied by the manufacturer. Briefly, the GST-FLAG protein was eluted from the glutathione-Sepharose resin (GE Healthcare) using a glutathione elution buffer. To prepare the BabA-FLAG protein, GST-BabA-FLAG protein bound to glutathione-Sepharose was digested with PreScission protease (GE Healthcare). Human FUT3, FUT1, or B3GALT5 cDNAs were amplified by RT-PCR from total AGS cellular RNA using the primers listed in supplemental Table 2 and cloned into the retroviral vector pMX-puro (36) . To construct FUT3 and FUT1 cDNA-harboring pIRES (Clontech), human FUT3 and FUT1 cDNAs were amplified by RT-PCR from the total AGS cellular RNA and cloned into pBluescript II-SK(ϩ). After digestion, each cDNA fragment was cloned into the pIRES plasmid.
Establishment of Stably Expressing Cell Lines-MDCK cells or CHO cells were transfected with pM5neo-murine ecotropic receptor plasmids (37) , and stable transformants expressing the murine ecotropic receptor (MDCK/EcoR and CHO/EcoR, respectively) were isolated by selecting with G418. The pMXpuro or pMX-puro-FUT3, -FUT1, or -B3GALT5 plasmids were transfected into PLAT-E cells using Lipofectamine 2000 (Invitrogen), and the supernatants were harvested 48 h after transfection. CHO/EcoR, MDCK/EcoR, or NIH3T3 cells were infected with each combination of the supernatants in the presence of DOTAP (Roche Applied Science). At 24 h postinfection, the cells were cultured with DMEM containing 10% FBS and 2 g/ml puromycin for 2 days, and the resulting cells were infected with H. pylori. Following infection, the culture medium was centrifuged (5 min, 15,000 ϫ g, 4°C), and the IL-8 protein content was determined using the ELISA according to the manufacturer's instructions.
Immunoprecipitation Assay-MDCK/Le b or MDCK/pIRES cells cultured to about 70% confluence were infected with H. pylori for 24 h at an MOI of ϳ50. The cells were washed twice with PBS and then lysed in 1 ml of ice-cold radioimmune precipitation assay buffer (25 mM Tris-HCl, 150 mM NaCl, 0.1% (v/v) Nonidet P-40, 3 mM Na 3 VO 4 , 100 M Genistein, and protease inhibitors (Complete protease inhibitor mixture, Roche Applied Science), pH 7.5). The lysates were centrifuged at 10,000 ϫ g for 10 min at 4°C, and the supernatants were subjected to immunoprecipitation with anti-Tyr(P)-CagA antibody. Immunoprecipitates and whole-cell lysates were subjected to a Western blot analysis using anti-Tyr(P)-CagA and anti-actin, respectively.
H. pylori Gastric Infection of Mongolian Gerbils-Six-weekold male MGS/Sea Mongolian gerbils (Meriones unguiculatus;
CLEA Japan Inc.) were intragastrically inoculated with a bacterial culture containing 10 9 cfu of H. pylori in Brucella broth containing 5% (v/v) FCS. Control animals were orally administered Brucella broth containing 5% (v/v) FCS. After 8 weeks, the stomach of each infected Mongolian gerbil was opened along the greater curvature. To isolate RNA, the tissue was immediately treated with RNAlater (Ambion). Sections for histological analysis were fixed in 4% paraformaldehyde in PBS. The gastric tissue embedded in tissue-freezing medium (Jung Tissue Freezing Medium, Leica Microsystems) was frozen in liquid nitrogen and sectioned with a Leica cryostat (model CM1900).
Immunofluorescence Microscopy-Anguilla anguilla agglutinin (Sigma-Aldrich), which was used to visualize pit cells, was labeled with Cy3 using the Cy3 monofunctional reactive dye (Amersham Biosciences). Immunofluorescence staining was performed as described previously (23) . FITC-or TRITC-conjugated secondary antibodies were used to visualize the rabbit or mouse antibodies, DAPI (Sigma-Aldrich) was used to visualize DNA, and rhodamine-labeled phalloidin (Invitrogen) was used to visualize F-actin. The stained specimens were examined with a confocal laser-scanning microscope (LSM510, Carl Zeiss).
Statistical Analysis-Differences between the groups in the in vitro experiments were assessed using the paired, two-tailed Student's t test. The in vivo data were statistically analyzed using the Mann-Whitney U test for unpaired groups.
RESULTS

Establishment of Stable Le
b -expressing Cell Lines-As reported previously (8), WT but not ⌬babA (BabA-deficient) H. pylori binds to Le b in a BabA-dependent manner (supplemental Fig. S1 ). To investigate the cellular response induced by a BabA-dependent binding of H. pylori to cells, we first examined Le b expression on the surface of the gastric epithelial cell line AGS, which is commonly used to study H. pylori-induced signaling pathways. Immunohistochemical staining showed that AGS cells express Le b epitopes on their surface (Fig. 1A) . To determine whether H. pylori binds to AGS cells in a BabAdependent manner, cells were infected with WT, ⌬babA, ⌬cagA, or ⌬virB7 (TFSS-deficient) H. pylori derived from ATCC 43504 strain (Fig. 1B) and then examined for the amount of attached bacteria. As shown in Fig. 1C, H (Fig. 3D) . To confirm that the binding of H. pylori to MDCK/Le b cells was BabA-dependent, the cells were infected with WT, ⌬babA, or ⌬virB7 H. pylori derived from NCTC 11637 strain, and the amount of bacteria attached to the cells was measured by real-time PCR. The RT-PCR analysis of H. pylori 16 S rRNA levels showed that WT and ⌬virB7 attached at ϳ2.2-and 1.9-fold higher levels than ⌬babA (Fig. 3E ). To further demonstrate that the BabA protein directly binds to Le b on cultured cells, we purified a recombinant FLAG-tagged BabA protein and the control FLAG-tagged GST protein. These recombinant proteins were subjected to binding assays, and the recombinant BabA protein bound to MDCK/ Le b cells but not to MDCK/pIRES cells in a dose-dependent manner (Fig. 3F) (18, 21, 25, 38, 39) . To examine whether BabA can stimulate the host transcriptional response, we performed reporter assays for NF-B, NFAT, AP-1, and serum response element, the major transcriptional factors that are induced by H. pylori in infected AGS cells, which bind to H. pylori in a BabA-independent manner (Fig. 1C) . H. pylori ⌬babA but not the ⌬virB7 mutant transcriptionally activated AGS cells and was similar to WT H. pylori (supplemental Fig. S7 ), indicating that BabA does not directly induce transcriptional activity in these cells, as previously reported (34) .
To further analyze whether BabA contributes to the intracellular CagA-induced cell scattering/hummingbird phenotype, which is the most prominent feature of infected AGS cells, the cells were infected with H. pylori, and morphological changes were examined by confocal microscopy. As shown in supplemental Fig. S8 , H. pylori ⌬babA but not the ⌬virB7 mutant induced the scattering phenotype of AGS cells and was similar to WT H. pylori, showing that BabA does not directly induce cell scattering phenotype in these cells.
To investigate whether BabA has an essential role in promoting the TFSS-dependent activation of transcriptional factors to induce proinflammatory cytokines, MDCK/Le b or MDCK/ pIRES cells were infected with the WT strain ATCC 43504 or its ⌬babA, ⌬cagA, or ⌬virB7 mutants, and the CCL5 and IL-8 mRNA levels were measured. An RT-PCR analysis showed that infecting MDCK/pIRES cells with WT or ⌬babA induced an ϳ1.4-or 1.2-fold increase in CCL5 mRNA levels compared with the uninfected control or ⌬virB7-infected cells (Fig. 4A) . On the other hand, the CCL5 mRNA levels in MDCK/Le b cells that were infected with WT, but not ⌬babA, were ϳ4.0-fold higher than the levels in uninfected cells (Fig. 4A) . The IL-8 mRNA as well as protein levels in MDCK/Le b cells were also increased upon WT but not ⌬babA, ⌬cagA, or ⌬virB7 infection compared with uninfected cells or infected MDCK/pIRES cells (Fig. 4, A  and B) .
We further analyzed the mRNA levels of intestinal metastasis-related factors, CDX2 and MUC2. The levels of CDX2 and MUC2 upon WT infection, but not ⌬babA, ⌬cagA, or ⌬virB7 infection, were increased in MDCK/Le b cells compared with MDCK/pIRES cells (Fig. 4A) . To further analyze whether BabA contributes to the delivery of CagA effector protein into the infected cells, MDCK/Le b or MDCK/pIRES cells were infected with the WT strain ATCC 43504 or its ⌬babA, ⌬cagA, or (Fig. 5A) , as was previously reported (43) . To investigate whether the BabA-Le b interaction strengthens gastric responses during TFSS-mediated H. pylori infection in vivo, Mongolian gerbils were inoculated with WT, ⌬babA, or ⌬virB7, and the mRNA levels of CXCL1/KC, the functional IL-8 homologue in rodents, in the stomach were measured by RT-PCR after 8 weeks. CXCL1 mRNA was increased more than 10-fold in WT-infected animals compared with the uninfected controls and ⌬babA-or ⌬virB7-infected animals (Fig. 5B) . These results further support the notion that BabA potentiates TFSS-dependent proinflammatory cytokine production, which may lead to malignant gastric diseases.
DISCUSSION
Virulence factors must be efficiently secreted from the secretion machinery in order for pathogenic bacteria to establish a successful infection. To our knowledge, this is the first study that formally demonstrates the importance of the BabA adhesin-host Le b interaction in potentiating TFSS-dependent host cell responses in vitro and in vivo.
Approximately 20% of H. pylori in the stomach adheres to the surface of mucus epithelial cells (44) , where H. pylori sustains persistent infection. A whole genome analysis revealed that H. pylori has over 30 genes that encode OMPs, and several of these have been classified as adhesins or related proteins, strongly suggesting that the bacteria uses multiple and redundant or variable modes to attach to cell surfaces and to adapt to inflamed environments. To date, the most well studied H. pylori adhesins are BabA, which binds to Le b , and SabA, which binds to sialyl-Le X (5) . Several other adhesins have also been identified, including HopZ, HopH (OipA), and AlpA/ AlpB, although their receptors are still unknown (45) (46) (47) . In Immunoprecipitates and whole-cell lysates were subjected to Western blot analysis using anti-Tyr(P)-CagA or anti-actin, respectively. NS, not significant. addition to OMPs, recent papers reported that components of the TFSS, CagL and CagY, have the potential to bind to ␤1-integrins, which are mammalian adhesion receptors, to mediate cell-cell or cell-extracellular matrix interactions (48, 49) . However, in natural, uninjured epithelial tissue, the epithelium has apical-basolateral polarity, and ␤1-integrin expression is restricted to the basolateral surface of the intact gastric epithelium. Thus, ␤1-integrin is separated from the H. pylori-accessible apical surface through tight junctions between adjacent cells (50) . We previously reported that CagA delivered by the H. pylori TFSS into the gastric epithelium suppressed apoptosis by up-regulating the expression of the antiapoptotic protein MCL1, which greatly contributed to bacterial colonization of the gut epithelium by inhibiting gastric epithelium self-renewal (23) . CagA is the only known effector protein that is translocated directly from H. pylori via the TFSS into the epithelial cell cytoplasm, where CagA interacts with various host signaling proteins to elicit three distinct phenotypes. (i) The cytoskeleton is reorganized and cells are elongated, resulting in a scattering cell phenotype in nonpolarized epithelial cells. (ii) CagA associates with tight junction proteins in polarized epithelial cells, which disrupts tight junctions and disintegrates cell polarity. (iii) Several transcription factors that control cell proliferation, inflammation, and survival in vitro and in vivo are activated (18) . Therefore, it is possible that at the very early phase of infection, H. pylori binds intimately to the apical epithelial surface via BabA, whose ligand Le b is abundantly expressed on gastric epithelial cells, as shown in Fig. 5A , and delivers CagA into the attached cells. Then CagA induces cellular transcription to produce several proinflammatory cytokines (IL-8 and CCL5), antiapoptotic proteins (MCL1) (23) , and precancerous stage-related factors (CDX2 and MUC2). Although we examined the induction of two intestine-specific genes, CDX2 and MUC2, in H. pylori-infected ectopic kidney cell lines (MDCK; Fig. 4A ), our data demonstrated that H. pylori is able to induce the expression of these genes in a BabA-Le b -dependent manner. At the same time, CagA-mediated disruption of tight junctions may allow H. pylori to better access normally buried integrins and thereby allow the TFSS to interact with integrins. Although the data presented here do not preclude the possibility that TFSS-delivered factors other than CagA might also contribute to the TFSS-dependent transcriptional activity, we provide clear evidence that the adherence of H. pylori to gastric epithelial cells via BabA and Le b is important to efficiently initiate TFSS-dependent pathogenesis.
Many studies have suggested that there is a relationship between babA-positive H. pylori and clinical outcomes, whereas some papers have reported that there is no correlation between babA2 and intense cellular mucosal inflammation (33) . Some studies have reported that the cagA status is related to the Le b -binding activity or the babA gene (8) . BabA expression is thought to be highly variable due to several regulatory mechanisms, including transcription, translation, and phase variation (51) . Moreover, aside from BabA, H. pylori can utilize many adherence mechanisms, as shown by its ability to bind to AGS cells (Fig. 1C) . Therefore, it is likely that the cooperation between BabA and TFSS, as shown here, is functionally coordinated during persistent infection of H. pylori.
We have demonstrated that transducing Le b -negative cells with two (FUT3 and FUT1) or three (B3GALT5, FUT3, and FUT1) relevant glycosyltransferase genes results in Le b expression ( Fig. 2 and supplemental Fig. S3) b -mediated bacterial pathogenesis in vitro and will be useful to establish an easy screening system to study the pathogenesis of H. pylori clinical isolates as well as identify drugs relevant to bacterial adhesion.
In summary, we have obtained the first evidence that the BabA-Le b interaction is important not only for H. pylori to adhere to the stomach surface but also to anchor the bacterial secretion system to the host cell surface so that bacterial factors can be effectively injected into the host cell cytosol. Using genetically modified cell lines expressing Le b , isogenic H. pylori mutants defective in babA and virB7, which is a component of the TFSS, and an animal model, we have clearly shown that the binding between BabA on H. pylori and Le b on the host cell surface plays an important role in potentiating TFSS-mediated secretion, resulting in inflammation and intestinal metaplasia, the prominent features of the cag TFSS.
